Objectives: The aim of the study was to understand determinants of ageing in relation to future cardiovascular disease (CVD) events at population level, and to explore determinants of healthy ageing and its relation to 10-year CVD incidence among apparently healthy individuals.
INTRODUCTION
During the last decades life expectancy has substantially improved throughout the world, and centenarians are becoming a fast-growing group of the population. According to the World Health Organization (WHO), the older adult population will continue to grow, posing a public health challenge to societies and undermining the importance of a life course approach to "healthy ageing". The increase in the proportion of older people is the result of unprecedented economic, social, medical, and technological changes that has made it possible for people to live a long and, probably, active life. In 2006, the European Commission identified demographic ageing as one of the most challenging policy issues of the 21st century (1) .
However, people age differently, depending on life course exposures to health risks, their lifestyle, genetic makeup, socialeconomic background, and many other factors. To understand how people age requires a nuanced and textured understanding of these determinants. Healthy ageing has received many definitions and interpretations, yet without achieving a consensus. The concept of healthy ageing was a matter of concern since antiquity. Among ancient Greek philosophers, Plato holds out hope for healthy ageing through spirituality; in particular he wrote: "The spiritual eyesight improves as the physical eyesight declines" (2) . Healthy ageing is described by the World Health Organization as a process of developing and maintaining the functional ability that enables well-being in older age. Functional ability involves the health-related attributes that make people able to be and to do what they consider valuable. It is made up of the intrinsic individual's ability, the environmental characteristics and the interactions between them while well-being is considered to include domains such as fulfilment, happiness and satisfaction (3) . Healthy ageing, in short, is both a matter of how long and how well one lives. Consequently, determinants of health and disease, in addition to risk factors, should be identified to better understand healthy ageing. Discerning patterns of healthy ageing is a substantial challenge that so far has not been systematically attempted in all its complexity. Another challenge is that healthy ageing trajectories are likely to be shaped by study's effects. For example, detected increases in incidence of diabetes may mean that future cohorts will age differently than previous cohorts.
Thus, the present work aimed to explore determinants of healthy ageing among apparently healthy adults; and the associa-tion between a healthy ageing score and 10-year cardiovascular disease (CVD) incidence. The research hypothesis, from public health and policy perspective, was that the early detection of a population's level of healthy ageing determinants could guide the efforts of health authorities in early and better prevention of CVD.
MATERIALS AND METHODS

Sampling Procedure at Baseline Examination
The "ATTICA" study is a health and nutrition survey that was carried out in the province of Attica during [2001] [2002] . The invitation clarified that people with history of CVD or living in institutions or having chronic viral infections should not participate in the sampling. Of the 4,056 invited individuals 3,042 agreed to participate (75% participation rate), aged 18-89 years. However, data for the present analysis were obtained from a sub-sample of 853 participants (453 men, aged 45 ± 13 years; 400 women, aged 44 ± 18 years) that had complete psychological evaluation. No differences regarding age, gender and CVD risk factors profile were observed when the aforementioned sub-group of participants was compared with the entire sample (all p-values > 0.20).
Baseline Measurements
The baseline evaluation included information about socio-demographic characteristics (age, sex, marital status, mean annual income, and years of education), personal and family history of hypertension, hypercholesterolemia and diabetes, family history of CVD, dietary and other lifestyle habits (i.e., smoking status and physical activity). The evaluation of the nutritional habits was based on a validated semi-quantitative food-frequency questionnaire (4), the EPIC-Greek questionnaire, that was kindly provided by the Unit of Nutrition of Athens Medical School; overall dietary habits were evaluated using the MedDietScore (theoretical range 0-55) that incorporates the inherent characteristics of the Mediterranean diet (5) . For the ascertainment of physical activity status, the International Physical Activity Questionnaire (IPAQ) was used (6) , as an index of weekly energy expenditure using frequency (times per week), duration (in minutes per occasion) and intensity of sports or other habits related to physical activity (in expended calories per occasion). Participants who did not report any physical activities were defined as physically inactive and the rest as physically active. Basal Metabolic Rate (BMR) was estimated using the Schofield equations for the prediction of BMR (7), adopted by the 2004 FAO/WHO/UNU report. Obesity was defined as body mass index (BMI) greater than 29.9 Kg/m 2 . Waist (in cm) and hip (in cm) circumferences were also measured and the waist-to-hip ratio (WHR) was calculated (waist-to-hip ratio greater or equal to 0.95 in men and 0.80 in women was considered as abnormal, i.e. a measure of central fat). Current smokers were defined as those who were smoking at least one cigarette per day or had recently stopped smoking (during a year); the rest of the participants were defined as noncurrent smokers. Therefore, participants who were smoking at least one cigarette per day at baseline or in the past, were defined as current or former smokers. The baseline evaluation also included a series of clinical and biochemical measurements.
Arterial blood pressure was measured at the end of the physical examination with subject in sitting position and at least 30 minutes at rest. Participants whose average of three consecutive measurements of blood pressure levels were greater or equal to 140 and/or 90 mmHg, or reported that they were under antihypertensive medication, were classified as having hypertension. Blood samples were collected from the antecubital vein early in the morning after 12 hours of fasting and alcohol abstinence. Hypercholesterolemia was defined as total cholesterol levels greater than 220 mg/dl or the use of lipid lowering medication and diabetes mellitus as a fasting blood sugar > 125 mg/dl or the use of antidiabetic medication. High sensitivity C-reactive protein (CRP) was assayed by particle-enhanced immunonephelometry (N Latex, Dade-Behring Marburg GmbH, Marburg, Germany). The Greek translation of the 20-item self-report State-Trait Anxiety Inventory (STAI), state version was used to evaluate levels of anxiety (8) while depressive symptomatology was assessed using a translated and validated version of the Zung Self-Rating Depression Scale (ZDRS) (9) .
For the purposes of the present work analysis, an index that incorporated healthy ageing factors, the Healthy Ageing Index (HAI), was developed based on the concept that has been already proposed and validated by previous investigators (10) . HAI was calculated based on socioeconomic (years of education and financial status), bio-clinical (presence of hypertension, hypercholesterolemia, diabetes, obesity, and BMI classification), psychological (depression status) and lifestyle characteristics (MedDietScore and physical activity). HAI's theoretical range was 0 -7. Higher scores correspond to higher levels of healthy ageing.
As a proxy of risk for fatal CVD events, the HellenicSCORE was calculated based on the baseline information retrieved from the participants. HellenicSCORE is a recalibration of the European Society of Cardiology (ESC) SCORE (11) that measures absolute overall risk of an individual to develop a fatal CVD event during the next 10-year of his/her life (values between 5-10% are considered as moderate risk and values > 10% are considered as high risk) (12) .
Follow-up Examination
During 2011-12, the 10-year follow-up was performed. In order to participate in the follow-up all participants were initially appointed through telephone calls (89% of the participants) or face-to-face interviews when their telephone number was not available. Of the initially studied participants at baseline examination, 85% were found during the follow-up. No differences were reported regarding the distribution of sex (p = 0.613), as well as anxiety (p = 0.083) and depression levels (p = 0.173) between the participants that were found to follow-up and the participants that were lost to follow-up.
Fatal or non-fatal CVD events during the 10-year follow up were defined as follows: development of coronary heart disease (CHD) (i.e., myocardial infarction, angina pectoris, other identified forms of ischaemia WHO-ICD coding 410-414.9, 427.2, 427.6, heart failure of different types, and chronic arrhythmias WHO-ICD coding 400.0-404.9, 427.0-427.5, 427.9), or development of stroke (WHO-ICD coding 430-438). Regarding CVD ascertainment medical records and hospital data were obtained. The adjudication was made by trained physicians and followed the International Statistical Classification of Diseases and Related Health Problems 10th Revision.
Research Ethics
The study has been approved by the Institutional Ethics Committee. All participants have been informed about the aims and procedures and agreed to participate providing written consent.
Further details about the aims and procedures of the ATTICA study may be found in the methodology paper (13) .
Statistical Analysis
Unadjusted associations between various demographic, anthropometric, as well as clinical characteristics and 10-year CVD incidence were performed using Student's t-test (for the continuous and normally distributed variables), Mann-Whitney U test (for the continuous variables with skewed distribution) and Pearson chi-square test (for the categorical variables). Normality assumption was assessed via P-P plots. Continuous and normally distributed characteristics are presented as mean values ± standard deviation or as median values (minimummaximum) in case of skewed distribution. Categorical variables are presented as frequencies. To evaluate the association between various socio-demographic, bio-clinical and nutritional factors (independent variables) and the level of healthy ageing (dependent outcome) nested multiple linear regression models were estimated. Colinearity was tested using the variance inflation factor criterion, while the assumption of homoscedasticity was tested by plotting the scatter plot of standardized residuals over the predicted score values. Results from linear regression models are presented as b-coefficients and their 95% confidence intervals. Nested multiple logistic regression models were developed in order to evaluate the association between the 10-year CVD risk (dependent outcome) and the level of healthy ageing at baseline (exposure variable), after adjusting for various participant characteristics (age, sex, anxiety levels, smoking habits, sedentariness, alcohol consumption, and family history of CVD). The Hosmer-Lemeshow statistic was applied for the assessment of model's goodness-of-fit. Furthermore, in order to evaluate the additive effect of HAI on the HellenicSCORE predictive ability for 10-year CVD risk, two logistic regression models were applied, with the 10-year CVD risk as the dependent outcome. In the first one, only HellenicSCORE was introduced as predictor, while in the second one, HAI was additionally comprised (data not shown). Then, the corresponding ROC curves were constructed, and the C-statistics were calculated (C-statistic is a measure of accuracy of each estimated model). All reported p-values were based on two-sided tests. SPSS 20 software (SPSS Inc., Chicago, IL, USA) was used for all statistical calculations. 
Table 2. Results from nested multiple linear regression models that evaluated the association between various socio-demographic, bio-clinical and nutritional characteristics (exposure variables) and the Healthy Aging Index (dependent outcome), all measured at baseline examination (N = 853)
RESULTS
During the 10-year (2002-2012) follow-up period, the fatal or non-fatal CVD incidence was 43 cases (5.1%); of them 31 cases (72%) were men and 12 cases (28%) were women (p for gender difference 0.004). Of the total CVD events, only 2 (5%) were fatal. In the unadjusted analysis, HAI was inversely associated with CVD (p = 0.005). Higher CVD incidence rates were observed among males (p = 0.004), older individuals (p < 0.001), and participants with central obesity (0.053), family history of CVD (p = 0.001), and higher levels of triglycerides (p < 0.001) or higher BMR (0.049) ( Table 1) .
Determinants of Healthy Ageing
Regarding the age-gender adjusted determinants of healthy ageing, abnormal waist to hip ratio (p < 0.001) and reduced BMR (p < 0.001) were inversely associated with HAI score. Negative association was also found regarding the levels of triglycerides (p = 0.003) and CRP (p = 0.02) ( Table 2 ). Furthermore, coffee consumption was inversely associated with HAI (p = 0.04), while a positive association was observed with moderate alcohol consumption compared to none or almost none (p = 0.002) and male gender (p < 0.001).
Healthy Ageing and 10-year CVD Risk
The Healthy Ageing Index was found to be a strong, protective factor against 10-year CVD incidence (p = 0.01) ( Table 3 ). This association remained significant (p = 0.01) even after adjusting for other psychological (anxiety levels) and lifestyle characteristics (smoking habits, physical activity status and alcohol consumption) of the participants. Specifically, 14% (1/7 units) increase in HAI was associated with 53% reduction in 10-year CVD risk, after adjusting for gender, age, anxiety level, smoking habits, physical activity, and alcohol consumption. All of the aforementioned covariates are established risk factors for CVD development (14) (15) (16) .
Furthermore, the predictive ability of HAI as compared to HellenicSCORE was also tested by comparing AUC of the ROC curve in the age-sex adjusted model that included only HAI versus AUC in the model that included only HellenicSCORE. HAI demonstrated an additive effect of 0.8% on the HellenicSCORE predictive ability for 10-year CVD risk.
DISCUSSION
In the present work healthy ageing was strongly associated with the CVD risk of apparently healthy individuals at baseline examination. Apparently, healthy ageing was strongly and independently of other well-known lifestyle and biological risk factors associated with CVD development. In addition, healthy ageing contributed to the better identification of future CVD events since it increased the predictive ability of the HellenicSCORE in the model that evaluated 10-year CVD risk. This finding implies HAI's potential adequacy of being used as a reliable and valid alternative in the early detection of the population at risk. The precise tracking of high-risk groups is a matter of major concern as the benefits of prevention versus treatment are beyond doubt.
In addition, healthy ageing determinants were also studied here. Low triglycerides and CRP levels, reduced BMR, normal waist to hip ratio, moderate alcohol drinking (up to 2 glasses daily) as compared to the substantial abstention from alcohol, were associated with healthy aging. Previous research findings have already underlined the association between healthy aging and moderate alcohol drinking (17) , as well as BMR and health status at a later stage of life. Specifically, BMR has been proposed as a significant risk factor for mortality, independent of secular trends and other well-recognized risk factors, such as age, body mass index, smoking, white blood cell count, and diabetes in a research of a 40-year follow-up period (18) . Moreover, triglycerides and CRP levels have not only been identified as risk factors for CVD (19, 20) or other chronic diseases, but may also be indicative for impaired cognitive performance (21, 22) , related not only to shorter life expectancy, but also to inferior cognition in longevity. Regular exercise and higher adherence to Mediterranean diet, i.e. two of the HAI structural components, have both been associated with lower CRP or/and triglycerides levels (5, 23) . Equally remarkable is the fact that CRP levels have been also associated with depressed mood (24) , which is another structural factor of ageing.
In contrast, increased coffee drinking was associated with reduced healthy ageing score. According to recent literature, coffee drinking increases the experience of stress by stimulating the release of stress hormones. The continuous presence of these hormones not only has a damaging effect on a number of different physiological systems, but can also accelerate the ageing process. When stress hormones are chronically elevated, as a result of our intense lifestyle as well as a consequence of ingesting coffee and caffeine, the body's normal repair mechanisms are inhibited, thereby accelerating the ageing process (25) . This could be a possible mechanism explaining the identified inverse association between coffee drinking and healthy ageing.
Alongside, central obesity, as it emerged through the evaluation of the waist to hip ratio in the present work, is another parameter that has been linked to various health outcomes while it has been also suggested that a larger WHR may be related to neurodegenerative, vascular, or metabolic processes that affect brain structures underlying cognitive decline and dementia (26) . The identified negative association between abdominal fat and healthy ageing could be partially attributed to the fact that in healthy ageing calculation somatometric characteristics are incorporated, but visceral fat is also known to be associated with dietary patterns (5), financial hardship and low educational level (27) .
Nevertheless, it remains unquestionable that people age differently, depending on life course exposures to health risks, different socioeconomic backgrounds, and many other factors. There are, in short, different ageing pathways or trajectories. To understand healthy ageing, therefore, requires a nuanced and textured understanding of these pathways, as well as the determinants of healthy ageing. Specifically, we need to know if there are recognizable patterns of healthy ageing trajectories across the population. Identifying these patterns opens the door to focused interventions, both at the population and clinical levels, which optimize healthy ageing.
As mortality statistics suggest that CVD remains the leading cause of death among Europeans and around the world, a large number of epidemiological studies aim to identify predictors of CVD. In this context, the main finding of the present work, i.e. the strong association between healthy ageing and 10-year CVD risk is an observation that deserves further attention for public health (28) . HAI could be possibly used as an additive or even as an alternative approach of overall CVD risk estimation, in order to early detect the population at risk.
Limitations
Despite the aforementioned, it should not be overlooked that psychological assessment was addressed to a rather small part of the entire ATTICA Study sample, a fact that probably constitutes a limitation of the present work. Considering that in HAI calculation, psychological assessment (i.e. depression) is incorporated, the sample size was unavoidably restricted, limiting perhaps the possibility of clearer picture.
CONCLUSION
The fact that healthy ageing may constitute a single and simple factor that may predict future CVD events, provides a new direction for the prevention strategies at population level. Because of the alarming rates of CVD globally, identifying patterns and determinants of healthy ageing opens the door to focused public health and personalized interventions to optimize healthy ageing, both at the population and individual levels.
